Overview of the CO2 Geological Storage Site for the FutureGen Project in Morgan County Illinois, USA  by Gilmore, Tyler J. et al.
 Energy Procedia  63 ( 2014 )  6361 – 6367 
Available online at www.sciencedirect.com
ScienceDirect
1876-6102 © 2014 Battelle Memorial Institute and the Authors. Published by Elsevier Limited. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Peer-review under responsibility of the Organizing Committee of GHGT-12
doi: 10.1016/j.egypro.2014.11.671 
GHGT-12 
Overview of the CO2 Geological Storage Site for the FutureGen 
Project in Morgan County Illinois, USA 
 
Tyler J Gilmorea *, Alain Bonnevillea, Vince Vermeula, Frank Spanea, Mark E. Kelleyb, 
Charlotte Sullivana, and Jeffrrey Hoffmannc  
aPacific Northwest National Laboratory, Richland, WA. USA. 
bBattelle Memorial Institute, Columbus, OH, USA. 
 cDepartment of Energy, Pittsburgh, PA, USA 
Abstract 
Development of the FutureGen geologic storage site in Morgan County Illinois is part of a larger project to design, build, and 
operate a commercial-scale carbon capture and storage (CCS) system capable of capturing, treating, and storing the CO2 off-gas 
from an oxy-combustion coal-fueled power plant located in Meredosia, Illinois.  The geological storage site is designed to 
capture approximately 1.1 million metric tons (Mt) of CO2 each year.   
To support the selection and design of the site, a comprehensive characterization effort was conducted in order to acquire 
fundamental subsurface site specific information. These characterization activities included seismic surveys coring, geophysical 
wireline logging, hydrologic testing and geomechanical testing.  The characterization results combined with pertinent research 
literature were used to build a conceptual model of the site, which in turn informed the development of computer models.  
Collectively this work supported both the design work and the permitting under the U.S. Environmental Protection Agency’s 
class VI Underground Injection Control (UIC) permit process which was developed specifically for CO2 injection.  The detailed 
design of the injection wells and associated monitoring network were completed in early 2014 and in August 2014 the site 
received the first issued set of class VI UIC permits in the Unites States for the planned injection wells. 
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1. Introduction 
Site selection began in 2010 when communities in Illinois, USA, were asked to submit an application to host the 
storage site.  The target reservoir zone was the Cambrian-aged Mt Simon formation and the caprock was the 
overlying Cambrian-aged Eau Claire Shale.  The applicant sites were required to have adequate reservoir and 
caprock thickness and be free of faulting.  To confirm the stratigraphy, surface 2D seismic surveys were conducted 
at the three finalist’s sites.  The seismic results coupled with a literature review of geologic conditions at each of the 
sites led to the selection of the Morgan county site as the top candidate.  While the results of the 2D seismic at the 
Morgan County site showed that the stratigraphic components needed to support a storage site, more detailed 
characterization was needed to confirm the reconnaissance results.  A stratigraphic well was drilled in 2011 to gather 
geologic data from the site.  Data from the characterization well included geophysical “wireline” data, core samples 
and analyses as well as large scale hydrologic testing and geomechanical borehole testing.  Collectively these data 
were evaluated to develop a conceptual model and to provide input parameters to a multiphase transport model.  The 
model was then used to simulate the complex fate and transport processes associated with CO2 injection and evaluate 
the site for geological storage.  Collectively this work forms the basis for the current storage site design as well as 
providing the basis for submission of a Class VI Underground Injection Control (UIC) permit [1]. 
 
2. Seismic Results 
Two two-dimensional (2D) surface seismic lines were acquired along public roads near the proposed Morgan 
County CO2 storage site.  There were 2 seismic lines each 2 miles long, one north/south and second line east/west 
[2].  A seismic survey gives an image of the subsurface based on differences in density and seismic wave velocity of 
the different geologic layers.  It allows one to identify formation depths and thicknesses in addition to discontinuities 
such as faulting.  
Both profiles indicated a thick sequence of Paleozoic-aged rocks.  The seismic lines are not of optimal quality due 
to site conditions and seismic noise, but they do not indicate the presence of obvious faults or large changes in 
thickness of the injection or confining zones.  The quality of the data below 610 m begins to degrade because of a 
karstic horizon which is believed to result in the attenuation of the seismic energy through this layer [2] however, 
both profiles indicate the tops of the Mt Simon and Eau Claire Formations.  Because the quality of the seismic image 
below 610 m was lacking, the internal stratigraphy of the Eau Claire seal and the Elmhurst/Mt Simon storage target 
were difficult to discern.   Additional seismic work was performed in the form of a Vertical Seismic Profiling (VSP) 
that focused on resolving the P-wave seismic data quality issues [3].  The objectives of the VSP program was to 
determine if any fault traverses the Mt. Simon Sandstone sequestration target and if any fault breaches the Eau Claire 
sealing layer above the Mt. Simon.  The interpretation of VSP data has shown no credible evidence that faults 
traverse the Mt. Simon or breaches the Eau Claire sealing layer 
3. Characterization Well Results 
A stratigraphic well was drilled to increase site-specific knowledge of the geology at the site and verify that the 
site had the attributes necessary to support a geological storage site.  The well was drilled to a depth of 1,471 m 
below ground surface capturing the entire stratigraphic sequence through to the Pre-Cambrian crystalline basement 
rocks (Figure 1).   Extensive characterization was conducted in the borehole [4]. 
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Figure 1.  Morgan County Storage Site Stratigraphy 
3.1. Reservoir Characteristics 
The target injection zone is the Cambrian-aged Mt Simon Sandstone.  A total of 54 m of whole core were 
collected from the lower Eau Claire-upper Mt Simon Sandstone and 10m were collected from lower Mt Simon 
Sandstone-Precambrian basement interval.  In addition to whole drill core, a total of 130 side-wall core plugs were 
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obtained from the combined interval of the Eau Claire Formation, Mt Simon Sandstone, and the Precambrian 
basement.  The combined thickness of the proposed injection zone, which includes the Mt Simon and Elmhurst 
sandstones, is 172 m.  Porosity ranges were measured between 10 and 23% and the permeability in the Mt Simon 
exceeded 100mD in several zones with a good candidate injection zone within the upper Mt Simon (Figure 2). 
3.2. Caprock Characteristics 
The Proviso and Lombard members of the Eau Claire Formation form the primary confining zone for the 
proposed Morgan County CO2 storage site.  The combined thickness of these strata in the characterization well is 
126 m.  24 m of whole core were obtained in the Lombard member of the Eau Claire Formation, along with 13 
rotary side-wall cores.  In addition, 10 rotary side-wall cores were collected in the Proviso member.  Wireline and 
core-based lithology, porosity, and permeability for the primary confining zone are shown in (Figure 2).  The 
computed lithology track indicates the upward decrease in quartz silt and increase in carbonate in the Proviso 
member, along with a decrease in permeability.  The permeabilities of the rotary side-wall cores in the Proviso range 
from 0.000005 mD to 1 mD.  Permeabilities in the Lombard member range from 0.001 mD to 28 mD, reflecting the 
greater abundance of siltstone in this interval, particularly in the lowermost part of the member.   
 
 
 
Figure 2.  Morgan County Storage Site Stratigraphy with porosity, permeability and sampling interval data. 
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3.3. Hydrologic Testing 
A series of open borehole hydrologic reservoir tests conducted to evaluate the formation properties and verify the 
injectivity of the formation [4]. The objectives were to: 
x evaluate the vertical distribution of permeability and “injectivity potential” across the entire Mt Simon 
Formation; 
x quantify key hydrologic properties (transmissivity, permeability-thickness) of the composite and discrete 
intervals within the Mt Simon Formation that have reservoir injection potential; 
x identify reservoir characteristics and the presence of hydrologic boundaries. 
 
The testing results were very favorable and confirmed the injectivity of the Mt Simon formation.  The testing 
results were also coupled with the core data to calibrate the geophysical logs (Figure 2).  The results of the 
hydrologic testing also confirmed that there were no “boundary” effects, such as a “no flow” boundary, that might 
be indicative of an offset fault within the a calculated area of interrogation around the well of approximately 152 m. 
3.4. Geomechanical Testing and Modeling 
Geomechanical properties were derived from laboratory analyses of whole core and rotary side-wall cores from 
the stratigraphic well, as well as from acoustic and density log data, and the azimuth of open fractures, drilling-
induced fractures, and well-bore breakout as observed in the resistivity-based image log [1].   
Geomechanical borehole testing was conducted that involved a combination of Hydraulic Fracturing (HF) tests 
and Hydraulic Tests on Preexisting Fractures (HTPF) and performed within the open-borehole section of the 
stratigraphic well, which includes the Mt Simon Sandstone and the Precambrian basement rocks .  Results indicate 
that one of the three principal stress directions is aligned with the vertical direction throughout the depth of the 
domain of investigation [5]7KHPD[LPXPKRUL]RQWDOSULQFLSDOVWUHVVGLUHFWLRQıH, is oriented N 51± 4°E, in the 
Mt. Simon, as determined by a comparison of electrical borehole wall imaging logs acquired before and after 
geomechanical testing.  Within the underlying crystalline basement formation, images of hydraulic fractures exhibit 
more complexity, because of their interaction with preexisting fractures. For three of the tested intervals, a consistent 
N 63±9°E orientation is obtained for the maximum horizontal principal stress direction; while two tests indicate a 
1(RULHQWDWLRQIRUWKHPD[LPXPKRUL]RQWDOVWUHVVGLUHFWLRQ7KLVGLIIHUHQFHLQıH directions suggests the 
existence of local, small-scale, stress heterogeneities within the basement rock formation.  In both formations, the 
maximum horizontal principal stress was consistently observed to be larger than the computed vertical stress 
component while the vertical gradient of the minimum horizontal principal stress was slightly smaller than the 
vertical gradient RIWKHYHUWLFDOVWUHVVFRPSRQHQW7KLVHVWDEOLVKHGVWUHVVUHODWLRQVKLSıhıvıH) is commonly 
referred to as a strike-slip faulting tectonic mechanism. The testing also provided information on the maximum 
downhole injection pressures that would minimize the potential initiation of hydraulic fractures within the Mt. 
Simon reservoir.  
Geomechanical properties were derived from laboratory analyses of whole core and rotary side-wall cores from 
the stratigraphic well, as well as from acoustic and density log data, and the azimuth of open fractures, drilling-
induced fractures, and well-bore breakout as observed in the resistivity-based image log [1].   
The effects of temperature of the injected CO2 on the geomechanical properties were also considered using the 
STOMP-CO2/ABAQUS® sequentially coupled simulator [6]. The modeling of CO2 transport in the pipeline and the 
injection well estimated the yearly average injection temperatures of 42°C using extreme soil conductivities and 
47°C using a more reasonable range of soil conductivities for the planed pipeline route.  These temperatures are well 
above the critical temperature of 25°C and close to the current temperature at the reservoir depth.  From these 
modeling results it was concluded that thermally induced fractures of the reservoir are very unlikely to occur at the 
FutureGen 2.0 site. 
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4. Conceptual Model 
A stratigraphic conceptual model of the geologic layers from the Precambrian basement to ground surface was 
constructed using the EarthVision® software package.  The geologic setting and site characterization data were the 
basis for the Morgan County CO2 storage site model [1].  Borehole data from the stratigraphic well and data from 
regional boreholes and published regional contour maps were used as input data. There is a regional dip of 
approximately 0.25 degree in the east-southeast direction. The conceptual model was expanded to a domain size of 
160 by 160km for numerical simulation and was divided into 31 simulation layers. The three-dimensional, 
boundary-fitted numerical model grid was designed to have constant grid spacing with higher resolution in the area 
influenced by the CO2 injection (5- by 5-km area), with increasingly larger grid spacing moving out in all lateral 
directions toward the domain boundary. The conceptual model was then used in the development of a computational 
model for assessing the site as a CO2 reservoir. 
5. Detailed Modeling and Design 
Numerical simulation of CO2 injection into deep geologic reservoirs requires the modeling of complex, coupled 
hydrologic, chemical, and thermal processes, including multi-fluid flow and transport, partitioning of CO2 into the 
aqueous phase, and chemical interactions with aqueous fluids and rock minerals.  The simulations conducted for this 
investigation were executed using the STOMP-CO2 simulator [7,8].  STOMP-CO2 was verified against other codes 
used for simulation of geologic disposal of CO2 as part of the GeoSeq code intercomparison study [9].  The 
simulations have been used for estimating CO2 injectivity, CO2 plume extent, pressure distribution and for the 
design of CO2 injection operations [1, 10]. 
6. Injection Well Design 
The geological storage site design was required to handle an injection rate of up to 1.1 Mt of CO2 annually.  
Through an iterative process that tested various well configurations it was determined that the optimum design 
utilized horizontal wells within the candidate injection zone primarily to minimize the injection pressures required 
for the given rate of CO2 injection.  The design consists of four injection wells that will be directionally drilled from 
a single well pad and completed within a permeable layer of the Cambrian-aged Mt Simon Sandstone approximately 
1220 m below ground surface (the “injection zone”).   
 
The model reference case has the CO2 injected into the upper Mt Simon for 20 years in four lateral injection 
wells, whose lengths range between 460 m and 760 m.  It was assumed that there were 5 planned well maintenance 
episodes with a total length of 73 days, every 1.5 years with this cycle continuing for 20 yrs.  The injection rate was 
pressure controlled during the injection period and zero when the system was under maintenance.  For the reference 
case, the average total injection rate for the 4 wells was 1.1 Mt/yr. 
7. Monitoring Network Design 
To assess storage site performance and meet the regulatory requirements of the Class VI Underground Injection 
Control (UIC) Program for Carbon Dioxide Geologic Sequestration, a monitoring program was designed that can 
track and account for the mass of CO2 injected [1, 11, 12, 13, 14].  The primary objective of the monitoring program 
is to implement a suite of monitoring technologies that are both technically robust and cost-effective and provide an 
effective means of 1) monitoring the evolution of the CO2 plume and pressure front, 2) evaluating CO2 mass 
balance, and 3) detecting any unforeseen loss in CO2 containment.  The monitoring program will include injection 
well testing and monitoring activities, groundwater quality monitoring immediately above the primary confining 
zone and in the lowermost Underground Sources of Drinking Water (USDW) aquifer, and injection-zone monitoring 
that includes 1) direct pressure monitoring, 2) direct geochemical monitoring, and 3) indirect (i.e., geophysical) 
monitoring of the CO2 plume and pressure-front evolution.  The monitoring infrastructure will include a network of 
deep monitoring wells and a surface-based network of combined passive seismic/surface deformation monitoring 
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stations.  The CO2 injection stream will also be continuously monitored as part of the instrumentation and control 
systems for the FutureGen 2.0 project; injection stream monitoring will include periodic collection and analysis of 
grab samples to track CO2 composition and purity.   
Geophysical monitoring technologies were evaluated with respect to site-specific conditions and suitable 
methodologies were selected for deployment as part of the monitoring program [15]. The results of this evaluation 
were used to develop a suite of viable technologies for implementation, including: passive seismic, integrated 
surface deformation, time-lapse gravity, and PNC monitoring. 3D surface seismic and VSP surveys will be 
conducted for baseline characterization and will be included as an optional monitoring methodology. 
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